INTRODUCTION
This document summarizes the minimum requirements for a collaborative study based upon the recommendations accepted by consensus of the 27 participants at the IUPAC Workshop on the Harmonization of Collaborative Analytical Studies, held in Geneva, Switzerland, 4-5 May 1987. If a collaborative study is to be indicated as complying with the "IUPAC-1987 Protocol," it must be in conformity with the minimum rules given below. Additional requirements may be imposed by other organizations for their specific needs.
These harmonized requirements are the result of efforts begun by the late Dr. Harold Egan, Laboratory of the Government Chemist, United Kingdom, who organized a meeting of interested international organizations in London, England, in March 1978. This was followed by Symposia in Helsinki, Finland, in 1981, and in Washington, DC, USA, in 1984 , and the Workshop in Geneva.
The following organizations have participated in one or more of these Estimates of the total within-laboratory standard deviation of the analytical results over the concentration range of interest; as a minimum at the upper and lower limits of the concentration range, with particular emphasis on any standard or specification value.
NOTE 1: The total within-laboratory standard deviation is a more inclusive measure of imprecision than the IS0 repeatability standard deviation, S 3 . 3 below. This parameter is the maximum withinlaboratory standard deviation to be expected from the performance of a method, at least on different days and preferably with different calibration curves. It includes between-run (between-batch) as well as within-run (within-batch) variations. In this respect it can be considered as a measure of within-laboratory reproducibility. Unless this value is well within acceptable limits, it cannot be expected that the between-laboratory standard deviation (reproducibility standard deviation) will be any better. This precision term is not estimated from the minimum collaborative study described in this protocol.
NOTE 2: The total within-laboratory standard deviation may also be estimated from ruggedness trials that indicate how tightly controlled the experimental factors must be and what their permissible ranges are. These experimentally determined limits should be incorporated into the description of the method. 
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Method comparison
The results of comparison of the application of the method with existing tested methbds intended for sl'milar purposes.
Calibration procedures
The procedures specified for calibration and for blank correction must not introduce important bias into the results.
Method description
The method must be clearly and unambiguously written.
Significant figures
The initiatincr laboratorv should indicate the number of sianificant figures to b ; reported; based on the output of the Geasuring instrument.
NOTE:
In making statistical calculations from the reported data, the full power of the calculator or computer is to be used with no rounding or truncating until the final reported mean and standard deviations are achieved. At this point the standard deviations are rounded to 2 significant figures and the mean and relative standard deviations are rounded to accommodate the significant figures of the standard deviation. At least 5 materials must be used: only when a single-level. specification is involved for a single matrix may this minimum required number of materials be as low as 3.
For this desiqn parameter, the 2 port.ions of a split level ( 4 of a double split level) and the 1.. individual portions of blind replicates per laboratory are considered as a single material.
Number of laboratories At least 8 laboratories must report results for each material; only when it is impossible to obtain this number (e.g., very expensive instrumentation or specialized laboratories required) may the study be conducted with less, but with an absolute minimum of 5 laboratories.
If the study is intended for international use, laboratories from different countries should participate.
Number of replicates
The repeatability precision parameters must be estimated by of the following -set of designs (listed in approximate desirability) :
Split level (single or double) For each level which is split and which constitutes only using one order of a single material for purposes of design and statistical analysis, use 2 nearly identical materials that differ only slightly in analyte concentration. For the single split level, each laboratory is to make only 1 determination on each (split) level (total = 2 per material); for the double split level, 2 known (nonblind) determinations are made on each (split) level (total = 4 per material). Alternatively, for the double split level, the 2 replicates for each (split) level may be submitted as blind replicates (1 determination on each portion submitted (total = 4 per material)). 
Outlier treatment
The estimated precision parameters that must also be reportec? are based on the initial valid data purged of all outliers flagged by the harmonized 1987 outlier procedure. This procedure essentially consists of sequential application of the Cochran and Grubbs tests (at 1% probability (P) level, 1-tail for Cochran, 2-tail for single Grubbs, overall for paired Grubbs) until no further outliers are flagged or until a drop of more than 22.2% ( = 2/9) in the original number of laboratories would occur.
NOTE: The Grubbs tests are to be applied one material at a time to the set of replicate means from all laboratories, and not to individual values from replicated designs, because their differences from the overall mean for that material are not independent.
3.4. Although the analyte may be expressed as either concentration or amount, the units must be the same throughout. When the amount of analyte is determined by analysis, it must be determined in the same way throughout.
Analytical results should be reported uncorrected for recovery. Report recoveries separately.
4.3.2
When s, is negative By deyinition, sR is greater than or equal to s in collaborative studies; occasionally the estimate of s is $rester than the estimate of sR (the range of replicates is &eater than the range of laboratory averages and the calculated s, a is then negative) . When Y r' this occurs, set sL = 0 and sR = s A. 1
APPENDIX 1
Use the following set of symbols and terms for designating parameters developed by a collaborative study. If other symbols are used, their relationship to the recommended symbols should be explained fully.
A.2 APPENDIX 2
Use the following definitions:
A.2.1
Collaborative stud A collaborative s%udv is an interlaboratory studv in which each laboratory uses the defined method of analysis to analyze identical portions of homogeneous materials to assess the performance characteristics obtained for that method of analysis.
A.2.2
Proficiency study A Droficiencv studv is an interlaboratorv studv consistins of one or mo;e assays-conducted by a group of iaboratbries on one or more identical materials, by whatever method is in use in each laboratory, for the purpose of comparing the results of each laboratory with those of other laboratories, with the objective of evaluating or improving performance.
A.2.3
Certificat.ion study A certification study is an interlaboratory study in which a group of selected laboratories analvze a candidate reference material bv methods judged most likely i o provide the least biased estimates of concentration (or of a property) and the smallest associated uncertainty, for the purpose of providing a reference value of the analyte concentration (or property) in the material.
A.2.4
Repeatability value (r) When the mean of the values obtained from 2 sinqle determinations, performed [simultaneously or] in rapid succession by the same operator, using the same apparatus under the same conditions for the analysis of the same test sample, lies within the range of the mean values cited in the Table, 4 . 0 , the difference between the 2 values obtained should not be greater than the repeat.ability value (r) that can generally he inferred by linear interpolation from the Table.
A.2.5
Reproducibility value (R) When the values for the final result, obtained bv operators 5.n different laboratories using different apparatus inde; different conditions for the analysis of the same laboratory sample, lie within the range of the mean values cited in the Table, the difference between the values for the final result obtained by those operators should not be greater than the reproducibility value (R) that can generally be inferred by linear interpolation from the Table. NOTE 1:
When the results of the interlaboratory test make it possible, the value of (r) or (R) can be indicated as a relative value (e.g. , as a percentage of the determined mean value) , or as an absolute value.
NOTE 2:
When the final reported result is an average derived from more than a single value, i.e., k is greater than 1, the value for R must he adjusted according to the following form la: Similar adjustments must be made for replicates constituting the final values for sR and RSD , if these will be the reported parameters used for quality conarol purposes.
NOTE 3: The repeatability value (r) may be interpreted as the amount by which 2 determinations should agree with each other within a laboratory 95% of the time. The reproducibility value ( R ) may be interpreted as the amount by which 2 separate determinations conducted in different laboratories should agree with each other 95% of the time.
A.2.6
One-way analysis of variance One-wav analwis of variance is the statistical procedure for obtaining the estimates of within-laboratory and between-laboratory variability on a material-by-material basis.
Examples of the calculations for the single-level and single-split-level designs can be found in I S 0 5725-1986.
The calculations for the double split level can be found in Netherlands Standardization Organization Standard NEN 6303. 
